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AIECRAPT TURBOJET ENGI NKS PIPER GOH STEUGTION AT ZAVQD HQ, 2. KmBISEM 
!• Development work on the following turbojet engines took places 



a. BM-003 


^ Ithis turbojet engine 
had been .^aaproved and development completed in August 1947* ,lt was re- 
portedly in production at an unknown factory in Ka25an • 


50X1 -HUM 


b* BW-018 


I ^wprk on its 

development stopped in the autumn of 194B* Some testing had been done at 
Zavod lo* 2 in 194^* 

50X1 -HUM 


c. JLmG-004 


production was repoarted to be taid.ng place in Ufao 
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SEOIEI 

- 2 ~ 


JUMO-.012 


tbi.a englnel 


had heem shipped after eompletloh in the 
amruBth or "Co hasaru/ 50X1 -HUM 

e. Soviet lene ■ 50X1-HUM 


DTirl-ng fi8 


eae -nrohl em was to iumreve the speeifle Jael 

^they ws-hted the SEG 

of the 012 down to 1^05 ‘kg/isx/'kg thinist* fhe group was furaished 


eonsuBiptioB.. 


with perfomanee repoi’tiB on the Ifene engine for their project 
in reducing the SFO^ These tests had been ran at Tsiam either 

at the end of IQ47 or the beginning of 1 94-8 1, 

The SEC of the gene indicated in the report 


was 1.1 kg/hr/kg thrust. 


TWO were 


used on the 012 and 022 and were tried hecaus® of the serious 
ignition difficulties encountered^ They were used suocessfnll y 


ATBflRAET TUREOPHQP EgQIlES UEDEE hEVELOPMEIT AT ZAYOD 10^ 2 


50X1 -HUM 


2* Testing of the following turhoprop engines was conducted at 50XI-HUM 
Zavod Ifo . 2 s 

a, JTIEG.-.022 50X1-HUM 


The 


022 engine was ready for test heforo the propeller, reduction 
gear^and governor accessories had been ah^plete'd* Therefore, > 
during the first six month® of 1949, .only motoring tests 
(exact date unkno'wn) end preliminary performance tests- on the 
engine were run. The latter part of 1949 the, engine and ao- 
eesaoriea were tested. The propeller unit was then' installed 
and a fixed pitch propeller (ground adjustable) was used until 
larch 1950, After larch 1950 a eontrolla'ble pitch propeller 
system was \ased* .Details on the performance and character^ 
istios (especially weights atid dimensions) are difficult 


recall with aocuraoy. She most accurate [ 


, ^is believed to be the engine test and fabrlea- 

tion details. ^j^owever, the eng ine oharaoteristios ^^“*^^ 50x1 -HUM 


below are believed to berellAbler 




(1) Engine Oharaoteristios 

Maximum Diameter 

Compressor 

Tisirbiae 

Combustion Chamber ' 

Exhaust Cone 
Pressure Ratio 
Puel 


50X1 -HUM 


1300 mm* 

14 Stage axial flow 
3 stage 

12 cans (0 annular arj^ange- 
ment) 

Pixed 

4.2!l 

Kerosene 


SECBEf 
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(2) Engime Perforiaance 

fatee-Off ~ 4200 HP plus 300(?) Icg»'t:]arus1: at 

7500 rpm plus or minus 5© rpm 
( 5 “minufe 0 rating) 

ffiaximam — 7250 rpm plus or minus 5© irpm 

OraisQ ~ 7100 rpm plus or minus 50 rpm 

Idle - 3500 rpjtt plus or minus 5© rpa „ 

furbine femperature (first stage inlet)- 84© 6 

Turbine Temperalmre (tMrd stage outlet)- 480^ ui l^/l 

Mr flow ™ 58 :fcg/sec ^50X1-HUM 


I the 

^•'specxric fuel eoasuaiptioa of the ©22 was now. 

27© gH/Iiz'/lx.p® at l',0» power”, Tbere were two pressure 
relief yalTes on the 5th stage of the compressor. Ihe 
Talves ( 100-llQ-mm diameter) were opened by an oil 
pressure goveraor when the compressor reached 1000 rpm. ' 
fhe relief Talvos automatically closed at. 5400-5600 rpm*' 

(3) Propeller Information 

Two contra-rotating, revax’se pitch, full feathering, 
ana fully co'ntrollable types were produced at a factory 
in Moscow (Zavod 3!Io„20), A ©erittfm engineer .‘LEHTHOIiD. was 
in charge of a great deal of the design work on the prO"- 
peller and controls. 50X1 -HUM 

Biesmeter -■ 4200 mm* 

Blade Width - luu map 

Mumber of blades per propeller « 4 

Seduction gear ratio - 6«95sl (Ing«&lSSEmCETBa 

.and BIiZE did a great deal of the design work on 
the reduction gear) , 

50X1-HUM 

(4) Engine Test Procedures 


(a) Idle Test 

Fsing the air turbine starter (about 60. HP at 
36,000 - 38,000 rpm) dereloped at Zavod Ho.2, it 
took 80—90 seconds to bring the engine up to the 
idle point of 3500 rpm* All the instruments were 
checked? noises, vibrations and any leaks were 
noted. The fuel was then turned off and the follow- 
ing data recoz’deds 

1 Elapsed time from 3500 rpm to aero rpm 
(average time was approximately 180-210 
sec mider normal oonditione) 


SECRET 
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^ 4 - ■ I 

2 Elapsed time from l^OOrpm to isero rpm 
"" (average time was approximately 70*- 
IIG secO [ 

!l!jh.e following data recorded at idle rpm: 

■ 1, Propeller rpm / . 

2 Fuel presoT:ire / 

^ Oil pressure ■/ 

£ Tui'brme exlia'ust; temperature . . ‘ 

■ ^ Pres3U2‘e aBd t<.-imperatiare at compresBor islet 

(b) Propeller GoTernor 3?est 

f lie engine was ?rfcartea Ma'rra ^ r 5 »> At 4200 

rpm. tM propeller goT#,mor was actuated iliie' oil pressure 
.at the governor, in the low pitch position, during 
starting was 25 atm. 5 at 4200 rpm the oil pressure 
was down to 3 atia. fhen the high pitch regulator 
pressure went down, to 12-13 atm., and stayed there. 

Ihis test was run to cheek the functioning of the 
propeller govenaor^, In addition, the following 
data were taken at 4300 rpm operating speed: 

1 Propeller rpm ■ 

2 Pu,el pressure 

2 Oil pressure 

^ furblne, exhaust temperature 

5 Pressure an.d temperature at .oompressor .• ’ 

inlet ' . ■ 

$he engine was then shut off and the folldfeng. 
readings taken: , 

' jL Bla-psed time from 4500 rpm to zero' 

^ Elapsed time from 1000 rpm to zero .. 

(e) Engine Performance lests 

leaBure.mentB of horsepower, thrust, 'rpm, fuel 
pressure, oil pressure, turbine intake and exhaust 
temperatures, compressor inlet and- outlet pressure 
and temperatures were measured at the following' 
speed: 

7500 rpm (measurements taken during 
“*5 min, t est) 

2 7250 rpm (measurements taken during 

“ 30 min. test) 

2. 7100 rpm (no limit on time) 

At Zavod lo. 2, during the spring of 195© » a 
100-hour test was attempted but a reduction ^ar 
failure at 32 ho^^rs of testing prevented its 
completion. Some testa were also run in 1950 on 
S'EORBf 
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tke 022 with tailpipe attached. Three different 
sizes were used, a 2“l/2 meter, 3 meter, ^d 3~l/2 
meter long tailpipe (measured from the third turhine 
easing flange). Results of teats were unfcaovm. 


(i) flight Tests 


50X1 -HUM 




^ ^ 

pghe ^ 


flight tests were passed d.m‘ing Ipril-lay 1951. 


(5) Bisassemhly and Inspeetion Procedures After Engine 

Performance Tests 50X1 -HUM 




1 Idisassembly proeedurea oxa tiie 022 turboprop 



the engine 


I The disassemhly and inepeetion 50X1 -HUM 

procedures (descrite d "below) were conducted "by qualified 
personnel. (The se steps were fQllaB'ed after erery per- 
formanoe test.)! | 


The various comxionenb assemblies, (such as ~ 
compressor, eombuetion, ' turbine, propeller assembly, etc. ), 
were sorted axi,d epanate tables for inspection* 

Shis procedure insured that the inspecting engineers 50X1 -HUM 
would see only the t^arts that they were reaponaible for. 


After the engine 

was stopped and the test ran completed, the following 
procedure was carried out while the engine was still on 
the stand* 

(a) ' All the propellar blades were remoyed. 

(b) Propeller hubs, wlthoil lines and accessories 
attao'hed, were removed next. 

(e) Propeller sh 0 .ft pulled off*. 

(d") Bell-mouthed intake manifold removed* 

(6) 'fhe engine was then removed froid the test stand 
(after all conneetions ware broken) and placed nose down 
in a tubular jig, arrangement. The base of the engine 
was approximately one foot from the floor level* The 
engine was held, suspended In the jig by ohaln hoists* 

The following disassembly procedure was then followed* 

(a) The exhaust ooae flange was unbolted (aft of 
third tur.blne wheel). 

(b) The third turbine rotor wheel was removed 
(before taking the wheel off, the blade ol'earanoos 
were measured by using a feeler gauge)* The wheel 
was lifted off by a chain hoist* 

SBOEET 
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(e) fliird stator stage was remoTed. 

(d) The second turbine rotor, stator and then the 
first turbine wheel and stator were remwed as de- 
scribed in sjbeps b and c (blade clearance was also 
©easured; prior t;© removal) „ 

(e) Turbine housing flange was broken and housing 
removed* 

(f) Combustion chamber assembly- flange was broken 
and combustion chamber section removed, 

(g) Turbine shaft was pulled out, . 

(h) flange at the 3.a8t compressor stage unbolted 
and the eomb’astlon fuel manifold section removed 
(a coupling shaft eaaie off with it), 

(i) The two halves of the compressor' casing were 
split, separated, (with stator vanes) and removed ^ 

(3) The eompreseor rotor assembly was lifted out 
by a hoist, ■ 

(k) The remaining reduetion gear assembly was 
lifted out of the ' - 

(7) All of the disassembled components were then laid 
out on tables (eomponent sections were kept together) 
and the following inspeetlon procedures performed* 

(a) 1 visual inapeotion of the parts while still 
in the dirty stag© was eondueted by the Interested 
inspecting engineers® 

(b) farts were then cleaned, measured, and inspeeted 
again. 



(o) A reuort was written bv the insneetiaa encine 

ere, 

50X1 -HUM 

(8) 




1 1 the lollQwlm components appeared to suffer 

the most damage during 'the perforiaanoe test runs* 


(a) Turbine stator Tinge had heat and vibration 
oraeks, - ' 


(b) Compressor statoi* blades failed due to 
vibration cracks. 

(e) Combustion chamber liners had holes and cTaeks 
in them, especially at the heads. The most freguent 
trouble was ekperlenoed with the combustion system. 

(d) Turbine bearings seised and burned (an oil mist . 
spray was tried using 12 nozzles in a ring around 
the bearings. It still hadn*t functioned t oo well 

50X1 -HUM 

SlCHf 
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(e) front compreasor bearing clearanoe waa out of 
toleranee frequently, 

'p . , 

(^) Seduotion gear laalfunetiona were also number 
one ou "tibe list (tbs 100 hr qualifioatlon t est was 
terminated because of a reduction gear box failure), 

MEfHQES tlSEE QJ GOMPOIEUTS Of fHE 



I fhese were not the p:*oduc- 

uion methods to be used ©a the ©22 but were merely the 
fabrieation proeedures being used for the exueriiaental enalnea 
up until October IQiiO. 

I , , In most instances the methods 50X1 -HUM 

used were not influenced by the BoTiets in any way, fhe 
machines were all of foreign make, mostly Q-erman, 


8« Machined ©©mpreasor fheel , 

She eompresser rotor wheels were aaehins d from rough 
forgings, r 

b, laohiaed @offlP3?eB0or Hotor Blades 

. ' fhe following step-by-step procedure was used to 
Mbrioate the compressor rotor blades for the 022 

'■i ' ' 

(1) She block of blade material was placed in the dig 
' and clamped in position under the cutter. She blade 
blank was clamped in at an angle so the blade contour 


50X1 -HUM 


could o orreetly milled 


50X1 -HUM 


I SijaenalouB of iflio during ajiy pex'l? 6 

TO® raoz^ioatlon process war© unfcuoTOt 

(2) Ihe outside coutour of the blade was them milled 
by the oylludrloal cutter She cutting cylinder width 
spanned the complete blade leixgth (rotational speed 
not known) ^ It was mad© of oase'^hardened steels She 
profile was out as follows « the blade blank had two 
moTenents during the cutting operations It moved for- 
ward under the stationary cutter and at the same time 
pivoted around its longitudinal axis in order to form 
the^oontour (profile movement). A follower fastened 
to the olamping 3fg of the blade copied th e blade 
nroflle whl^ h was out into a profile block j ^ 


„ ,, , Mnoe the blade blank was r astened 

to thls^ olamping Jlgj. this action kept the blade 
oorreoiily' positioned while it was moving under the 
outter in order to form the oorreot profile. 

■ SE0EBf 
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. . . 

(5) After the outside contour was eut^ the "blade hlank 
and profile block were turned over and the inside contour 
famed in a manner similar to that described in step (2) 
aboTe* 

(4) [Ohe ■ parti ally completed blade was then taken out of 
the milling machine*. The leading edge and trailing edge 
contours were not cut during steps (2) and (5) (see 
step (7) ^^he bljade was taken and placed tip end down, 
in a installed ©n i^he tables of a uniTersal horiison^- 
milling mehime l?he root end ■ 

was cut by the two fixed emtterr*u fhe traverse table, 
on which the blade jig waa attached^ moved under the two 
fixed cutters carrying the root end ©f the blade between 
the rotating cutters, and thus formed the root profile • 
fhe height of the- table comld be adjusted to compensate, 
for the* different blade lengths af the various compressor 
stages Y | 50 X 1 -HUM 

I the important details ' o f the nrooeas * 
used t© form the root profile ax^e -shewa^ 


(5) After this the blade was placed in a die 

(inne*r side dawn) ^ faste^ed^ and moved under a cutting 
wheel which milled out a groove along the length of the 
blade 3?©ot (m identical groove was cut into ' the 
c^mpreasor wheel rim and a pirn driven in to attp.ah the 
blade to the wheel) ■ 22 

(6) . fhe blade was removed from the jig and the excess 
tip stock was removed by grinding.*, 

(7) fhe leading edge and trailing edge was filed to 
shape and amoothed with emery paper ,v fhis opera'tion 
only took-tbre^ or four minutes aiid-was faster than try- '■ 
ing to machine the edgea^ 


50X1 -HUM 


l 8) 'fhe , outside and inside 3radli were rounded off 
f junction of root to bladoi^a I 


150X1 -HUM 


0#' Checking, and Inspection of OompreBsor Rotor Blades 


Th© finished blades were not polished since It was 
found that no improvament in performance resulted from, the 
polished blades, fhe eontrol and ini^pecUon procedures 
used in the f abrieation of the finished compressor rotor 
blades were as follow ss 

(1) 1 profile template was ^ised to check the tip 
profile for accuracy# 

(2) fhe over-all length of the bla^e was measured, 

(5) . Each blade was weighed^ 

r 50X1 -HUM 
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d* pomfresser Section Balancing Proeedmr© 

Jlia following pnoeeduire was performed when Balancing the 
eompressor assemhlys ■ . 

(1) fhe comprassor shaft was Balanced while it was rotat- 
ing at high speed. . 

(2) Eo'tior wheels (minns blades) were checked and ont of 
balance points noted,.. 1© oowfeetions were made in this 

■'Step. ■ 

(5) Sotor wheels plus blades were individually cheeked 
and balsinced. , 

(4) All i4 compreesor no tor stages were installed On 
the shaft and tbe whole assembly was statically balanced 

' 

e. fabrication of Compref sor Stator Blades 

Oaie atator blades were rolled out of 1-mm sheet stock ^ 
(45 feg/'Stt' - tensile stren^h) and welded to the coa^resiSoi' ouai-mum 
easei. This type o f blade was unsatisfactory due to excessive 
vibration . oracks.' 1 ' ^ ' ' ■ ■ 

f* Machined Turbine EotOr 

The turbine rotor was machined from a forged blank. 


g. forged Turbine Sotor Blades 


tJntil September ip5,0» the following ste^ were 
involved in fabrioa-fein^ the turbine rotor blade ^ee 


(1) The rod^ blade blanks ^©und stock as shown 
by Step 1, received in the forge 

enop were plaOdd into an- oven by a w orker and 
heated to afprbadBtately 60© -7PQ® C. 


SBO^T 

■ ' > 3 ' 


50X1 -HUM 
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(2) 1 seeofid marker, wM was at a f orgiighajmer, 
reeeivet the treated Tolad© s took aM placed it oa the 
die, whereapoa the first forgiag ©peratioa was perfomed. 
f he compressed air hammers operated at eight atmospheres 
pressure, fhe method of forming these blades was a hit 
mmsual. fhe worker at the air hammer oie^d the rough 

■ hlade stock ^ee Step 1, sketch on page 23/ hj the root 
end with a pair of tongs, fhe s took was placed on the 
■die, giggled a hit to make it fit; then the tongs were 
. withdrawn and the hammer released to form the first 
forging operation^ ■ ^ 

(3) A specific mimher of blades were put thro'agh this ^ 

initial forging operation, then the die was changed ^ 

orifl the second step was eomples ted. !P©r example, if 

the order called for 100 blades, 100 pieces of blade 
stock would be heated and run through the first forg** 
ing operation (after each forging operation the blade 
would bereturned to the OTen for heating) and then a 
aeeond die would "be placed under 'the kajBjsier# file 
heated hladee would he taken out, of the OYen and put 
through the second forging operation, fhe heated 
blade ^ee Step 2, istetch c®. p^ai/ gripped bj the 
root end with tongs a»,d inserted l.nto a second die. 

The tongs were wit'Mrawn and the hammer dropped to , 

■form the blade root (in a rectangular shape) and , 
also refine the blade profile. lit all forging opera- 
tions the root end of the blade was pointed toward , 

. the operator. 

(4) fhese blades were then put into the OTea, 

. heated to temporature* withdrawn from the oven, and 
inserted into a die ^'ee StepB..2 and 3,. Bteteh or. pags 
23^. fhis was the final forging ope rati oa and it 
refined the blade profile and root appearance. 

(5) fhese blades were then takep; to a short peen- 

lag department; At first the blades were 'sand blasted 

' aft'er 'Step 4 Tee© i3k«t,cs., page? 23 _/btlt in' 1950 this 
gavO way to shot peening. Each individual blade was 
held with a pair of tongs in an inclosed box that had. 
an air gun mounted in the side. I'he compressed air 
■ gun ( 5 atm. operating pressure) was filled with 
shot /see skfeteh. page 23y» ®he operator, holding the 
blade with tongs in one hand, operated the air gro 
with his other hand. All blades were shot peeae d. 
n* ^ 50X1 -HUM 


(6) fhese blades, after shot peening, were then 
f9tu3?ned t® the shop and the excess tip stock was 
out off and j|;he fir tree root formed by a vertical 


milling machine 





SEGEEf 
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(7) fbe eomplete lilade was' then gronnd by an emery 
wheel (a fiTe-itimes-size pattern was followed for all 
steps)* fhe grinding procedure perfected by Dr.BEElESrDIE- 
was 'perf! 0 ;Kiaed as follpws! 

; (a) The outside .profile of the blade was ground to 

finish (in /Steps **a” thru ”d®, the blade was 
attached to a traverse table which moved under a 
stationary grinding wheel)* 

(b) The Inside profile was ground to shape. 

■(s) The outside radius at the Jmeture of the blade 
and root was ground^, 

(d) ' The insid e radius of the juncture was then ground 
, to shape* 

(e) The blade was removed and inserted into a jig 

in the vertical posiH on (root end ddwn) and a grind- 
ing wheel was moved yertleally up and down the lead- 
; ing edge radius, of the blade y grinding it to shape. 

„(f ) . The, trailing edge was ground in the same manner 
as the leading edge. The blade was not hand -polished* 

(8) The finished blade was then weighed and cheeked for -■ 
tolerance « Template gauges wei'e used to ehedk the profile* 
The inside and outside profile of the blade were cheeked 

at three stations y necessitating five separate gauges 
(tw© for the inside prefiley two for the' outside profile, 
and one gauge which checked, the inside and outside profile 
simultaneously at the tip aeetlon) ^^ee sketshj pagfs 2k 7 „ 

The tip profile station was cheeked by inserting the blade 
tip into a gauge block. which had the profile cut into it 
to the' correct depth. The grinding procedure was so 
aoeurate that'rejeotg were very few '(percentage unknown)* 


{$) The fir tree root was checked (for correct fitting) 
by sliding it in and out of a milled root pattern in a 
rotor wheel. 


(lO) A number was electro— etched on the bcttotn airfe o-P 



V V ^ LaLJ._o n ft ..u.i.'w ti i 




h* Turbine Kotor Bs^laaclag Procedure. 

Turbine rotor balance was effected by Interchanging blades 
of different weights where needed. 

BECHET 
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1* Goial3ti0l;ion Chamber Assembly 

Ihe combustion chamber flame tubes were fabricated of 
rolled sheet metal (seam welded once), l_Ujiyi 

Com|»^ent lanfacturing Methods 


BHir ^28 

The Bjp? group did ohly design work on the 028 until the 
rail ojr 194-8 (when the' iraakers and BMW groups merged). 
ITo teat work was ddne ;^avod Bo. 2 on the BMW 028. 

Hie drawings were all paoke'd up and shipped to Tsiam 
and Kazan in the fall; of 1948 


PPEIS 


She fuel used for the engine 'testing at Zavod Bo. 2 was 
deliTeredby truck to the factory. The fuel was then trans- 
ported. to, the laboratory ajdd tests run to see if it met the 
specif ioatiohs * When ’the. iuel was delivered to the laboratory, 
there were whipping tags- attached to the containers. These 
t*fi>®_Bdd the fuel name ahd apsoifioati o n written on them, gj nee 
the fuel was used in the engine testi ng 50X1 -HUM 

Shis laboratory test was necessary because occasionally 
there were impurities in. the fuel (and at times the specified, 
tolerances were not eorract).' If the fuel did not. meet the 
speelficaticn, it was* not ■ aoceptede 

a. S h e fue l wa s designated foCT XZXI - Z2:| | 50X1-HUM 

L I translation of this number was 

as follows: 50X1 -HUM 


(1) fb(SV 


not .tetow what , this signified I 


50X1 -HUM 


(2) X XXK — a catalog number (4 digits) giren to the 
fuel by a Minis, try^ln Moscow. 

(3) ,. XK - the last .tw^ numbers of the specification de- 
nted the year thil^t .the., specification was passed. 50X1-HUM 
,^ince it wasj;tt(W.ititl:iat .'the Soriets d© use the deslgna- 
-■lieh,:;y/15cT ’ 


Ctermans (at 

Zavod _ Bo* 2) to' Aviation Industry. If accepted, it 
was given a oatalok h'a&libPf if OC® UlX - 2? ) so that it 
oeuld be ordered ' dlr'e^otljr from the stocks. 

Si im '.the i822' testing was a kerosene type* 

The following data Wfire known about the fuel: 

' .SBOHBT . ■ 
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(1) fype m kerosene. Ee color. 

(2) Speeifie gravity *- 0.83 

(3) “10400 K designated the EH¥ of the fnel 

- the "m" stood for the Oenaan word •’iinter", meaning 
' Icwer) 

(4) H© - 10800 E Oal/kg (H© designated! the HHf of the 

fuel ” the ”6‘' stood for the Seriaan word "oher", 
meaning hi^fer) * ' 

LUBRIGAIfg 

cnvd i_i I iiv /I 

5* A 7 ©-- 3 © mixture’ of. oil—kerosene was used with success as a 

lubricant for the 0,22 (70^ oil)* Hydraulic oil used was of an 

©Id German type j^alled ®Eahrwerk Spindel Oil gruen“l — ^ 

Tt wjFifi jyT*Aftwwp> ©1 ^ ni l s ale© weT*e fied by the ^ . 


MATEEIALS 


50X1 -HUM 


6» lurbine rotor wheels were made from a steel alloy designated 
Zm (tensile strength 12© kg/ima^) « Turbine ro tor blates were 
fabricated from an alloy desigaated ^yi-417.» 


by tho 
showed 


I She chart /see aketcn, page ^ was pr eparea 
plant that manufaeturea^ the turbine blade material. It 
tensile strength (kg/mm-) vs temperature ( q)#»Thfi_ 


1 A pi-h-rp’n.o-h'h n'f t. fiflO G was B kg/TOlH 


the firat sta^ge turbine imlBt 


50X1 -HUM 


allowable temperature was 84© 0 

this temperature was not exceeded as the material could nox_ 
suiTvive). This figure of 8 kg/mm^' 860 0 was the specif!— 

cation by the: plant manufacturing the blade material. How— ^ 
ever, in their test ealeulatiens it was found that the tensile 
strength of the material at 860® 0 aetual3.y was 1© kg/mm 
Combustion cans were made from a material that had a tensile 
strength of 5© kg/mm^i Sompresser rotor wheels were eon- - 
structed of an alloy that had a tensile strength of 90 kg/mm'^* 


TEST EQTTIEMEIT AT ZAV03 HO. 2 
7 • lUio-pia were five test cellB at Zavod Eo»2 


50X1 -HUM 


a. Test Stand #1 - used foi^ testing turbojets 
JOTO-004), Maximum test capabilities not known* 


•-©03 and 


b» 'Telt Stand #2 - uded for' tbstlng the 012 and later 
modified to test the, ©22 with propeller. 

c« Test Stand ^3 — wo® water brake t est stand used 
for testing the 022. 


50X1 -HUM 


#3 


since most of my work was in this Stand . 

d» Test Stand #4 - used .for propeller testing only and also 
for some engine motoring tests (am electric motor of unknown 
eapaeity was used for || |^toring tests of the 022 
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Test* Stand #5 A temporary* turboprop engine test stand, 
idaich was under construction when I left in October 1950* 
lest limitations unknown* 



.lacicing 
abl e * r 
tali 


insta 


I some of the detaj^ls ©f the test setup are 
The information that is reported can be considered reli"- 
n the test setup for test stand #3 was 
eu on three different platforms^ tha'fc is^ the engine on one 


stands the water brake on another and the pendulum, motor on 
third j and not al.l on one continuous pl.atfomi 


^ ^ I The 022 was 

a'CTiaenea at- three points one turbine ca. 3 ing point and two po’ints 
0 ,n the front compi^ssor case) to a ^oating platform constructed 
of channel steel /see sketchy p* 2j/* This platform travels 
within the rigid test platform. The fore and aft movement of the 
engine (thrust) is picked up at the rear attachment point bj a 
linkage and oil cylinder arrangement^ which transmits the force to 
a scale which had a dial reading of 0—6 atmospheres (kg/om^)* 


50X1 -HUM 


50X1 -HUM 

50X1 -HUM 


9 * In order to register the torque measurement, an oil cylinder pick- 
up transm5.tted the movements to a scale which had a dial reading 50X1 -HUM 

range of 0-20 ate (kg/ * The torque was nicked up off the water 

brake casing* 


I When the 022 was .run on the early motoring tests ^ with- 
out water brake attached, the horsepower had been measured by a 
linkage and ©11 cylinder arrangement which measured the torque of 
the engine* Tiie brake am was 716*2 mm from the engine center 
scale of the weighlrAg device had a range of 0-20 atm 
(kg/o.ir0* Lat©.r, when the can: was modified for use with the water 
brake, the torque was measured using the water brake absorptiok 
technique* 


10 . The water brake capacity was 9,000 BHP* It operated at 650 O ipm 
when the water outlet temperature was 60 G* When testing the 022 
Td.th the water brake arrangement the standard reduction gear box 
of the 022 was not used* A special reduction gear box was employed 
to reduce the 7500 rpm of the turboprop compressor down to 6500 
rpm for water brake operation* Although the water brake had a 
capacity of absorbing 9000 BHP, only 60 OO BHP could be measured 
with the existi ng^arrangement* This was because of the fact tha t 
the water brake 

^kad two .rotor -isrheels, each capable of absorbing 3000 BHP, 

and provisions for a third rotor wheel which could be installed In 
the rotor casing when needed, which would also be capable of 


50X1 -HUM 


sorbing 3G00 BHP* 


50X1 -HUM 


11 . Test procedure required the calibration of the thrust and torque 
indicators before and after each test* This was accomplished by 
using dead weights to actuate the oil pressure cylinder to record a 
sc^e reading* Next a calibration cur^e of kg (weight) vs* kg/cm^ 
(dial reading) warS constructed. This chart was used to correct 
the indicated readings taken during the test. In the previous dis- 
cussion it was mentioned 


S.EC1ET 
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T 


tlaa-fc two small indioators, dial I'eaditag in kg/cm^, were nsed for 
thrust and torque measurement. To <?®nvert the readings into 
horsepower, a curve of kg/em^ vs. kg was used Cthis used the same 
scale as the calibration curve) , y^ee BtetGji, 5 a,ge ST '®7 Entering 
the curve with the dial reading of kg/cm^ a figure P (kg) was ' 
arrived at. Then, using the formula, 




En 

imr 


where 


in (Pse) 


effieienej factor for water trake. 
friction. etc, r 


was used_j7 


a factor of 0.69 


50X1 -HUM 


. ^ * Seale _yaading converted to kg from 

chart sketch, page Zff. 

XL s Shaft rpm, _ _ 

the brake horsepower of the turboprop was ealoulated. The two 
converted readings (thrust and torq.ue) were added together to ©btaln 
the resultant total BHP of the turboprop. 

50X1 HUM 

WATEE BRAKE ABSQEPTIOI PtETAMOMBTEE (3Q.Q0Q HP) PBOJEGT 


brake was built la 1QA8 at ga.vci d 


A 30jf©0©”horsepewer water 
2 for a factory in.lea~ 


it was designed and built at 50X1 -HUM 


e.td, even though ther e i s' no record of such heavy eq,uip— 


ingrad 
Zavod 

ment having been buil^* 

for two more of the same si-se, — 

rotor wheel^eaeh absorbed 6000 horsepower) fcr the absorption 
of power, /The operating rpm or ahv physical charaetertatica 

Ox XllQ QQial.tiTnftTTfc! W<an^<a 

50X1 -HUM 


there had been an order 
SEhe rotor case contained five 50X1 -HUM 


AIEckaJ'X EfflOIEB PAOTQEIES II THE W SSE" 



13.UPA ^l55^if3iiivE' !l5-§8).:} . 


50X1 -HUM 


j worming xor over a year 


^ V* M VJ. V 

on a reciprocating engine project at .a factory in tfe. The 
engine was an 18-c.ylinder. dou ble-row radial of 2800 horse- 


[ it was taken from a. BMf design. 





PEOBEf 


50X1 -HUM 
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JUM0*‘004 vas in m 

sries 

2 d the 
t designa.** 
le nioBhera 
Dr the 

3 to he 

50X1 -HUM 

production at Wfa at. the end of 1947. The 004 ms designatf 
KDj#g5 by tbe Boviets., M vb.b the Bovle' 
tion tor Jet engine (whleh is correct) ^ and insisted that tl 
after the letters meant the mass air flow of the engine* Fc 
Bl-gJ.this w0uld mean 2k hg/sec* For this engine it hapneni 

close to correct; however *1 

50X1 -HUM 



14. E&ZAH (H 55-^5, B J)-9-08) 


a factory in Kazan, Zavo4 No, l6, mg protucing 50X1 -HUM 
■cue nnw-ouj ai tne end of 19!).?. The OOj mg designated the KD-aO, 1 

The 012 plana were also reported as having heen shipped to Kazan in 
the. autTaan of 1948, 


15, kuybyshev/bezwamka. (r 53-12,, E 50-09) 

Zavod Ho, 24 ms reported as producing Jet engines in 1948, 

16 , OMSK (n 55-00, E 73-24) 

A factory in Omsk -was producing the oil pump for the 022. 

17, MOSCOW 

Zavod Ho, 20 fumished the propellers and controls for the 022 , 50X1 -HUM 

, , aircraft diesel engine project at Zavod No, 500 in Moaaow.T 

18, H0VBIBIR8K (H 55^02, E 82-53) 

Activity of the engine factory located here Is ■unknown* 

19, avERDLom (h 5^50, E 60-38) 

Ignition aceessorles for Jet engines produced here. 

20, TOIW (H 56-301 E 84-58) 

Activity of the engine factory located here Is unknown* 

21, EBRIHQRAEl 

Activity of the engine factory in Leningrad Is unknown. 


secret 
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50X1 -HUM 
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aECBET 
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© 

5laink blade 

form 



Oufeir Profile Inriei- Profi b 
milled milled. 


n 


V 

f?oot Profile cut 



11 

Lock mg p»n 
receii milled 



Excess fib 

STl>6k CUb 


L.B.d f. £. f i Ud Ivislde and outside 
and poll shed. radii, Cof root cud) 
filed And polkhed 


hlof 4o 


Sfeps in Fdlorrcal'i^^^ ©f Compressor l?o4sr fclcides 


■ C\ouA:r‘€, - { P: ] 

sEcasT 
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